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FEL07 Scientific Program Diverse

 FEL07 had 10 sessions covering New lasing, FEL 
Projects, FEL Technology (2), High power FELs, SR 
FELs, X-ray FELs, FEL theory, Operation, and 
Applications

 I will focus mostly on the FEL technology  aspects which 
were dominated by photoinjectors and electron-beam 
measurements. About 1/3 of the 180 total papers were 
submitted in this overall category. 

 Our program subcommittee sorted 64 abstracts and 
selected the ones for invited and contributed oral 
presentation for two technology sessions.

 Brief comments on laser wakefield accelerators (LWFA).

 FEL landscape comments.
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Ongoing X-ray FELs at SLAC and 
DESY are Two Dominant Projects
 LCLS injector has just been commissioned this year.

 1.5  to 15 Angstrom target with 14 to 4.5 GeV electron 
beam from last km of SLAC normal conducting rf linac.

 DOE mandate to build what has already been proven.

 XFEL project in Europe was viewed as a technology 
driver for SC rf linacs, synchronization, e-beam 
diagnostics, and photon diagnostics.

 TTF1 and then FLASH have been used as test beds.

 FLASH is oversubscribed by a factor of three for users of 
photon beam and studies time for diagnostics and 
machine development seem to be scheduled 6 months in 
advance.

 XFEL construction at DESY will start soon.
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The SPARC Emittance Meter
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Technology Push From the XFEL Project in Europe

H.Schlarb (DESY) talk
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Diagnostics Developments: 
Frequency Domain
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Diagnostics Development: Time 
Domain
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Time Domain

B. Steffen (FLASH) talk
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Time Domain
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Time Domain
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Time Domain
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Time Domain
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Time Domain
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Diagnostics Developments: Time Domain

H. Schlarb (DESY) talk
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Terawatt Ultrafast High Field Facility (TUHFF)

 Ti:Sapphire oscillator with three 
amplifiers used.
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Towards sub-ps Electron Beams

Nature 431, Sept. 2004

S.P.D. Mangles et al. Nature 431, 535 (2004)  Strath.

C.G.R. Geddes et al. Nature 431, 538 (2004) LBNL

J. Faure et al. Nature 431, 541 (2004)     LOA

Estimated ~ 10 fs

Low divergence

Physics is very complicated and must be understood to optimize LWA

For reliable quasimonochromatic electron beam generation
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Laser Modulation of the Beam 
Structure in the Bubble
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Injection Technique Provides More Reproducible 
Performance and Energy Tuning

 20-shot statistics tabulated.  Energy tuning by adjustment of 
injection timing.
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J.Faure et al., Nature, 2006
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 LBNL LOASIS Experiments Attain 1 GeV
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Courtesy of V. Malka
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TUHFF as an Ultrafast x-ray/VUV Source

 X-ray absorption, scattering studies of solvent structure and 
dynamics

 VUV (1-photon) probing of excited states

electron bunch
transport/

focusing/

filter FEL undulator
Laser

e-

VUV - X-ray

Dipole
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Several New SASE FEL Projects 
were Reported at Conference

 SPARX in Frascati,   1-2 GeV linac Italy

 FERMI at Elettra, seeded, 2 GeV linac Italy

 PSI  1-10 Angst., with more compact accelerator 
proposed,250-MeV Injector test funded          Switzerland

 XFEL with 8-GeV linac at Spring-8 after SCSS success at 
130 nm.                                                            Japan  

 EUV SASE at Max Lab in Uppsala,                 Sweden

 PAL  XFEL, injector linac,                                 Korea

 BESSY, HGHG demo first                               Germany

 4GLS at Daresbury, injector prototype, ERL   England

 Arc-en-Ciel, SC linac SASE proposal              France 
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PSI Strategy for Low Cost XFEL

A. Oppelt (PSI) talk
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Innovations to Reduce Cost of XFEL

A.Oppelt (PSI) talk
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Worldwide Interest in Ultrafast 
Light Sources Growing

A. Oppelt (PSI) talk
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EUV and Soft x-ray Regime 
Attainable with GeV-Class Linac
 Estimate  with APS  SASE FEL Undulator Parameters

Energy (GeV) Facility Harmonic  
No.

Wavelength  
(nm)

0.220 APS 1 540

0.408 APS 1 157

0.570 NML 1 80

0.750 NML 1 46

1.000 NML 1 26

1.500 NML 1 12

1.500 NML 3 4
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FEL Performance Estimates Done with Ming Xie 
Formulas (Proc. of PAC’95)
 Base case: ε=2 π mm mrad, Ipk =1 kA, β = 5m

 *Extra case: ε=1.5 π mm mrad, Ipk =2 kA, β = 5m

Gamma Lambda 
(nm)

3D Gain 
Length(m)

Saturated 
Length(m)

Natural  
Beta (m)

Saturated 
Power(GW)

430 540 0.29 6.8 1.00 1.4

798 157 0.45 10.0 1.86 1.6

1115 80 0.58 12.8 2.60 1.7 

1467 46 0.71 15.7 3.44 1.7

1957 26 0.95 20.0 4.58 1.6

2935 12 1.46 29.6 6.71 1.3

2935* 12 0.83 17.6 6.7 5.9
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USA Needs EUV-Soft x-ray Source

Rev. of A. Oppelt (PSI) VG

USA EUV Gap
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ILC  is the Next Technology Driver 
for Diagnostics after XFEL
 XFELs have served as technology driver over last 4-5 years.

Significant progress on photoinjectors, SC rf, EO sampling,
and facility-wide synchronization has occurred.

 The ultra short bunches of XFELs are not in ILC, but the NI
aspect is common and synchronization specs are tight.

 It would be hoped that ILC can be a technology driver for
synchronization of rf or diagnostics over km scale,
monitoring of high-power beam position (cavity BPM) and
size (ODR) in a nonintercepting manner, EO bunch
length/phase monitors, beam parameters at the IP, beam
dynamics in damping rings, etc. as well as SC rf.
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EUV/Soft X-ray FEL Provides a 
Complementary Technology Push

 Need to preserve emittance in chicanes.

 Requires high peak currents and much shorter pulses 
(100 fs or shorter).

 Synchronization specs are tighter than ILC if seeding.

 Photon diagnostics need development, z-dependent.

 Diagnostics undulator  for divergence, optical replica 
synthesizer for bunch length.

 Z-dependent intra-undulator diagnostics of SASE-
induced microbunching (challenge).
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